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What we will cover today

m DNA translation
* Protein analysis
m Similarity searches




You obtained the DNA sequence
of your cDNA clone

m Does the sequence represent a full-length
cDNA?

m What protein does it encode?
m What are the properties of the protein?

m [s the protein amino acid sequence
conserved?

m How closely does it resemble proteins of
known function?

Translation of DNA sequence
into protein sequence




Protein databases

m Swiss-Prot

+ A curated protein sequence database containing functional annotation,
such as the description of the function of a protein, its domains structure,
post-translational modifications, variants, etc.

¢ Minimal level of redundancy
+ Good integration with other databases

+ Developed by the Swiss-Prot group at Swiss Institute of Bioinformatics
(SIB) and at European Bioinformatics Institute (EBI)

m TrEMBL

¢ A computer-annotated supplement of Swiss-Prot

+ Contains all the translations of EMBL nucleotide sequence entries not yet
integrated in Swiss-Prot

+ Highly redundant

Relationship with Other
Databases

EMBL Database entries are cross referenced
to following databases:

Eukaryotic Promoter database
TRANSFAC

FlyBase

TrEMBL

Swiss-Prot




ExPASy

m Expert Protein Analysis System

m Swiss Institute of Bioinformatics

m Proteomics server for protein analysis

m http://us.expasy.org/ - in US

m http://www.expasy.org/ -in Switzerland

m Translate tool, other tools, molecular
databases, and links

ExPaSy Databases

Swiss-Prot: protein database

TrEMBL: protein database

Prosite: protein families and domains

Swiss-2Dpage: 2D polyacrylamide gel electrophoresis

Swiss-3Dimage: 3D images of proteins and other biological
macromolecules

m Enzyme: enzyme nomenclature
m CD40Lbase: CD40 ligand defects
m SegAnalRef: sequence analysis bibliographic references




ExPaSy Tools

m http://bo.expasy.org/
m Protein and sequence analysis tools

m Melanie 4 - Software for 2-D PAGE
analysis

m Roche Applied Science's Biochemical
Pathways

Ensemble

m  http://www.ensembl.org/

m A joint project between EMBL-EBI and the
Sanger Institute to develop a software system
produces and maintains automatic annotation
on eukaryotic genomes




ExPASy

Translate your DNA sequence

Translate DNA 1nto protein

m Software to translate DNA
m Reading frame
¢ Forward and reverse
m Start site
m Stop codon
m polyA tail
m Transit peptides —targeting

m Motifs (conserved regions)
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ExPASy Proteomics Server

The ExPASy (Expert Protein Analysiz System) proteomnics server of the Swiss Institute of Bisinformatics (STB) is dedicated to the analysis
of protein sequences and structures as well as 2-D PAGE (Disclaimer / References

[Announcements] [Job opening| [Mirror Sites

ool and saftware pacges

+ Swiss-Prot and TrEMBL - Protein knowledgebase » Proteomics and sequence 3 11\11\';19 tools
+ PROSITE - Protein famnilies and domains s elass, ...
+ SW IDPAGE - Two-dimensicnal polyacrylamide gel
electrophoresis SEATCNES
+ ENZYME - Enzyme nomenclature o Pattern and profile searches [EcanProsite]
+ SWISS-3DIMAGE - 3D images of protems and other bielegical o Post-translational modification and topology prediction
macromolecules o Primary structure analysic [ProtParam, pl/MW, Protdcale
« SWISS-MODEL Repository - Automatically generated protein o Secondary and tertiary structure prediction [$WISS-MODEL,
models Sriss-PdbViewer]
o Algnment [T-COFFEE, 3]
+ GermOnLine - Enowledgebase on germ cell differentiation o Biological test analysis
+ Ashbva Genome Database o DImageMaster / Melawe - Software for 2-D PAGE analysis

s to many other molecular biology databases »+ Roche Applied Science's Biocheinical Pathways

| ExPASy - Tools - Microsoft Internet Explorer
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L DNA -> Protein
"+ Translate & - Translates a micleotide sequence to a protein sequence

» Transeq - Nucleotide to protein translation from the EMBOSS package
Graphical Codon Usage Analyser - Displays the codon bias in a graphical manner
BCM search launcher - Six frame translation of micleotide sequence(s)

Backtranslation - Translates a protein sequence back to a nucleotide sequence

Genewise - Compares a protein sequence to a genomic DA sequence, allowing for introns and frameshifting errors
FSED - Frameshift error detection
LabOn'Web - Elongation, expression profiles and sequence analysis of ESTs using Compugen LEADS clusters

List of gene identification software sites

Similarity searches

o BLAST and WU-BLAST - Interfaces to various wersions of the Basic Local Alignment Search Tool
o BLAST il Metwork Service on ExPASy
o BLAST at EMBnet-CHfSIB (Switzerland)
o BLAST at CBI
o WU-BLAST at Bork's group in EMBL (Heidelberg)
o WU-BLAST and BLAST at the EBI (Hinxton)
o BLAST at PBIL (Lyon)
Bic ultra-fast rigerous (Smith/ Watermarn) similarity searches using the Bioccelerator [At DEFZ or at Weizmarnm]
P srch - Smuth/Waterman sequence comparison at EBI
DeCypher - Smith/Waterman or FrameSearch search using the DeCypher hardware accelerator
Fasta3 - FASTA version 3 at the EBIT
FDFE - Snuth/Waterman type searches on Paracel's Fast Data Finder (FDF) at EMBnet-CH
PropSearch - Structural homolog search using a 'properties' approach at Montpellier
SANMEBEA - Svstolic Accelerator for Molecular Biological Avplications
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Translate tool

[ranslate is a tool which allows the translation of a nucleotide (DI ARIA) sequence to a protein sequence

Tease enter a DNA or EMNA sequence in the box below (numbers and blanks are ignored)
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| ExPASy - Translate tool - Microsoft Internet Explorer,

l= Edt  View Favortes Tooks  Help [/
N n i 3 B

e - @ - [¥] B b O scach Fprowics @reda @) (- B - [

i s | (€] htp:fus.expasy. orgftoolsjdna.htrl v BYeo ks

Translate tool

[ranslate 15 a tool which allows the translation of a nucleotide (DITARITA) sequence to a protein sequence.

lease enter a DIA or EMA sequence in the box below (numbers and blanks are ignored)

ttgeotoata

2761 tottgghtgot coatcgtaag tgtcattoty casgoatast tttotgoatg
tatggttttyg

2821 catoototge tocacgacac goattatoty sagogacges gaattgottt
tatgtocaaa

2881 acgtgaattt tgatcgaaat geatgatgtc gatggatatc cgascacaty
casatttota

2941 ccatotattt atttatottyg attttottog taggttattt gettottata
acgttotagt

3001 aatgtaagot tgtttotott atcttttgtc tggaagaata atasgggaat
gyaacagaacs

3061 tocattaace ttgattgtga gttacattgt sssggascyg asgtasacag
patttattat

3121 aatttttaac ttogotaact gtotttttas tasasasasa asasas

>

<

[Dutput format: |Verbuse ("Met", "Stop", spaces hetween residuss) V‘
Reset | or | TRANSLATE SEQUENCE |
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| Translate Tool - Resulis of translation - Microsoft Internet Explorer
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Translate Tool - Results of translation
lease select one of the following frames:

b'3' Frame 1

F U o AAAATTHGYVFRRRRESVLPRFTFSHFAPLSLSRHALPISMetPPFLPLAHFPFTPEGSYFTTGERG
[EYICTCFIYTRCFTECVLGGETTTOQRENLVCSQIWWNLCGNLSENKKCCGHNSStop GStop FGEEIGGC
FCNVEGDRYDVStopPYPOQGESITEStop VLY SCIKECCFGEAQCN CT StopHT Stop WEStop SCTYFLV StopIl A3
Stop ¥ Stop Stop P Stop GDASCNIHEWESCHNRVLYRFCCGTWERIMet VCESDV VIS Y StopEEWD StopL QMetD G Y
K GCPYTRESYWF Stop33 Stop SStop LF GIStop AKX TStop K Met VLFES MetStop GHHCHWIHCKHTSEHSYHTE
FEWEStop LLGENYGCESIStop GPSGHNLDE C Stop W CV Stop CR 3 Stop K 5 Stop Stop GCDFEDTVLESRGLGN VL
FWCQCLASPHNYSCDAIWHTHYDEEHFQPFCSWNEDLP SF C Stop Stop 3 Stop RStop PEPAEFCQRICHH
QLGTCERRGNWNGWCSRYCQCYFWCSERCWSStop CYHDIS G Stop Stop Stop AFCMet LCCARERSES
[CCStop GIAIStopISSEFGStop WASFSGCSHSKLStop HEGCEWPENGEHSWCStop CLPFQCIGStop GQYKC
CYSPRELFStop VO YV CCCStop ARGLYEGF TS CPFQILSLENHHSNGHYWTWINWEHTTStop AAKE GEG
[ NPERRIQHEFACHNGHTWFEVINAS Stop StopC GHStopL 5 Stop Met ERTSRGERRSGStop YGEICSTCTWE
FYTEHGISGLHSStop LCHCWLLLStop LVAQENTCSEY SStop QEGEFETTStop SVFEVESSSKAILYTLLL
Stop SHCESWISHNCStopHFTWEP Stop W WEQNITHNRRHL Stop WD FELHIStop Stop L Stop R "W EF GF Stop Stop GSF
stop SE GERL Y Stop ARSEEStop SVWNRCCQEGYNECStop GV GFEARTV Stop TE38top EPCARTTTSLCIES
GV YARATEIStp SGVHEKEETRRC StopECWGSLEIRWSGGRD Stop Stop KRS GRAAKIQEGESELCAIVWVER
stop HY CITHTE VStop GEASDES WARSWCESSHEW WHNIStop Stop Y FTTCLISWCSIVEVILQAStpFSAC
Tet VIHPLLHDTHYLERREIAF Met SE TStop ILIEMet NDVDGYPNTCEFVPSITLEStopFESStop VICFL
stop R CSNVSLFLLSFVWENNEGMetEQNSINLDCELHCEGTEVNRIY YNF Stop LR Stop L SF Stop Stop E EE
K.

L B

RGN

m Six reading frames provided

m Select one

m Clues:

+ Number and placement of stop codons
¢ ATG start site (methionine)
+ Poly (A) tail

+ Alignment with other protein sequences
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b'3' Frame 2

FTLOQOPPPMet ASFEAAVAQFERVEPSHTELHSHSHGTLFOSQCRPFFLERTEHSLEEGLTLPRGRE
LPSTEVRASFTDVSPNVSLEEKQLPEGETWSVHEFGGTCVGTSQRIKNVADIILEDDSERELVYVVVSA
det SEVTDMetMet TDLIHE AQSREDESYTAALNAVLEKEHSATAHDILDGDNLATFLSELEHDISNLE A

Tet LEAIVIAGHATESFTDEFVVGHGELWSAQMetLELVIRENGTDCE WMetDTRDVLIVNPTGINQVDP
DY LESEQRLEE WY SLNPCEVIIATGFIASTPQNIPTTLERDGSDFSAATMet GALFEARQVTIWTDVD
VY SADPREEVEIEAVILETLEYQEAWEMet S YFGANVLHPRTIIFPVMetRY GIFIMet[RNIFNLSZAPGTEKI
CHP SVHNDHEDSQNLONFVEGFATIDNLALYVNVEGTGMet AGVP GTASAIFGAVEDVGANVIMetIZQ
L S SEHSVCFAVPEEEVEAVAEALQSREFRQALDNGRLEQVAVIPNCSILAAVGQEMet ASTPGVSASL
FINALAKANINVRAIAQGCSEYNITVVVEREDCIKALRAVHSRFYLSRTTIAMetGIIGPGLIGSTLLEQ
[ EDQASTLEEEFNIDLEVMet GILGEESMet LLEDVGIDLARWRELREERGEVANMet EEFVOHVHEGHNH
FIPNTALVDCTADSVIAGY YYD WLREGIHVVTPNEEANSGPLDOQYLELRALQREQSEYTHYFYEATVG
L GLPIVSTLRGLLETGDEILQIEGIFSGTLSYIFNNFEDGRAFSEVVSEAKEAGYTEPDPRDDLSEGTDV
L REVIILARESGLELELSNIPVESPVPEPLRACASAQEFMet QELPEFDQEFTEEQEDAENAGEVLRY
VW GVVDVITNEEGYVVELRREYEEDHPFAQLSGSDNITAFTTRERYED QPLIVRGP GAGAQVTAGGIFSDIL
LASYLGAPSStop VEFCEHNFLHVWEFCILCSTTRIIStop SDEELLLCPEREF Stop 5K Stop Met Met S Met DIER
THANLYHLFIVYLDFLRELFASYNVV VMetStop ACFSYLLSGRIIREWNRETPLTLIVSYIVEERK StopTEFI
IFNFANCLFNEEEKEK

b'3' Frame 3

[ LCSSSHHFWERERFPPPSLESPAFHLLTLRESTLTLTARSSNLNAALSSSRALPIHSGRVLLYHGEERHRY
HLYVLHLOMet FHRMet CPWEENNYPEKEEELGLFTNLVEPVWEPLREStop K Met LET Stop FLEMetIRR G
W WLFLQCQRStop QIStop CMet TLETRLNHAMetSLIQLHEStop Met LEWRSTVQLHMet TYLMetEIILLLSCL
[ TCIMetILVTLRRCFV QY TStop LV Met QQSPLQILL WD MetENYGLLRCCLStop LLGEMet GLIANGWIQG
Tet SLSStop ILLVLIKELILTIWNLSEDLEN GTLStopIHVEREStop SLPLDSLQAHLETFLPHStop REMetEVTSE
QOQLWVLYLRPVRSQFGQMetLMetVCIVQILEELVERLStopFStopRHCLIKERLGE CLILVPMet 3SCIPAQLF
[ Stop CD Met ATPL Stop Stop GTFSTFLLLEQRSAILLL MetIMet KIARTCEILSEDLQP Stop TTWHL Stop TERE
L EWLVFQVLPVLFLVQStop K MetLELMetL SStop YLRLYVSILYALLCPREE StopELLLRHCNLDFVELW
Met GYFLRLOSFQIVAFWLQLAREWQALLVLVPPFSMet HWLERPIStop MetSVLStopPEVVLSTILLLLL
ERIVStopRLYELSIPDFISQEPPStop QWALLDLD Stop LGAHYL S 5 8top GIRP QP Stop EENSTSICY Stop W A
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| Virtual: VIRT5596 - Microsoft Internet Explorer =]
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Virtual: VIRTS5596

[D  VIRT 5596 PRELIMINARY; FRT; 916 AA.

C  VIRTSS596;

E  Translation of nucleotide sequence generated on ExPASy

E  on 03-Aug-2004 by wegwes.ocio.usds.gov.

[C  -!- This virtual protein seguence will automatically be deleted

o from the server after a few days.

fc  7.63 PI.

R SWISS-2DPAGE; VIRTS596; VIRTUAL.

Q SEQUENCE 916 AA; 100395 MU; 7233853ESS7TSESEF CRCE4.
MASFSAAVAQ FSRVSPSHTS LHSHSHGTLF QSQCRPFFLS RTSHSLRKGL TLPRGREAPS
TSVRASFTDV SPNVSLEEKQ LPEGETWSVH KFGGTCWGTS QRIKMVADII LEDDSERKELV
VVSAMSEVTD MMYDLIHKAQ SRDESYTAAL NAVLEKHSAT AHDILDGDNL ATFLSKLHHD
ISNLKAMLEA IVIAGHATES FTDFUWGHGE LUSAQMLSLV IRKNGTDCKW MDTRDVLIVH
PTGSNQUDPD YLESEQRLEK WYSLMPCKVI IATGFIASTP CNIPTTLKRD GSDFSAAING
ALFKARQWTI WTDVDGVYSA DPRKVSEAVI LKTLSYQEAW EMSYFGANVL HPRTIIPVMR
YGIPIMIRNI FNLSAPGTKI CHPSVNDHED SQNLONFVEG FATIDNLALY NVEGTGMAGY
PGTASAIFGE VEDVGANVIN ISQASSEHSV CFAVPEKEVK AVAEALQSRF RQALDNGRLS
QVAVIPNCSI LAAVGQRMAS TPGVSASLFN ALAKANINVE AIAQGCSEVN ITVVVKREDC
IKALRAVHSR FYLSRTTIAM GIIGPGLIGS TLLEQLRDQA STLKEEFNID LEVMGILGSK
SMLLSDVGID LARWRELREE RGEVANMEKF WQHVHGNHFI PNTALVDCTA DSVIAGYYYD
WLRKGIHWVT PHMKEANSGPL DOYLELRALQ RQSYTHYFYE ATVGAGLPIV STLRGLLETG
DRILQIEGIF SGTLSYIFNN FKDGRAFSEV WSEAKEAGYT EPDPRDDLSG TDVARKWIIL
ARESGLELEL SHWIPVESPVP EPLRACASAQ EFMQELPEFD QEFTKEQEDA ENAGEVLEYV
GWUDVTHKEG VVELRRYKKD HPFAQLSGSD NIIAFTTRRY KDQPLIVRGP GAGAQUTAGG
IFSDILELAS YLGAPS

o B e
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T =1- This vittual protein sequence will automatically be deleted

bc from the server after a few days.

CC 7.83 PI.

R SWIZS-2DPAGE; VIRTSS96; VIRTUAL.

Q SEQUENCE 916 Ak; 100395 MW; 7233853EDSVSESEF CRCE4.
MASFSAAVAQ FSRVIPSHTS LHSHSHGTLF QSQCRPFFLS RTSHSLRKGL TLPRGREAPSE
TIVRASFTDV SPNVSLEEKQ LPEGETWSVH KFGGTCVGTS QRIKMNVADII LEDDZERKLV
VWSAMSEVTD MMYDLIHKAQ SRDESVTAAL NAVLEKHZAT AHDILDGDML ATFLSKLHHD
ISHLEAMLRL IVIAGHATES FTDFVWGHGE LWSAQMLSLY IRENGTDCEW MDTRDVLIVH
PTGSNQUDPD YLESEQRLEK WYSLMNPCEVI IATGFIASTP CNIPTTLERD GSDFIALLIMG
ALFEARQWTI WTDVDGVYZA DPREVIEAVI LETLSVYQEAW EM3VFGANVL HPRTIIPVMR
YGIPIMIRMI FMNLSAPGTEI CHPSVNDHED SONLQNFVEG FATIDNLALY NVEGTGHMAGY
PGTASAIFGAL VEDVGANVIM ISQASIEHSV CFAVPEKEVE AVAEALQSRF ROALDNGRLE
CVAVIPNCSI LAAVGOKMAZS TPGWSASLFN ALAKANINWE AIAQGCIEVN ITVUWEREDC
IKALRAVHSR FYLSRTTIAM GIIGPGLIGE TLLEQLRDQA STLEEEFNID LRVMGILGSEK
SMLLEDVGID LARWRELREE RGEVANMEKF WOHVHGNHFI PNTALVDCTL DEVIAGYYYD
WLREGIHWVVT PMEKANSGPL DQYLELRALQ ROSYTHYFYE ATVGAGLPIV STLRGLLETG
DEILQIEGIF ZGTLIYIFNMW FEDGRAFSEV WIEAKEAGYT EPDPRDDLEG TDVARKVIIL
ARESGLKLEL SNIPVESPVP EPLRACAZSAQ EFMQELPKFD QEFTKEQEDAL EMAGEVLRYV
GWUDVTHERG WWELRRVEED HPFAQLSGSD NIIAFTTRRY KDOPLIVRGP GAGLQUTALGG
IFSDILRLAS YLGAPS

VIRTS 300 in FASTA farmat

BLAST submission on ExPASw/STR Sequence analysis tools: ProtParam, ProtScale, Compute pIhiw, Peptidehass,
or at MCBI (TSA° PeptideCutter, Dotlet (Tava)

m ScanProsite

il ExPASY Home page

BLAST

Direct Submission to SWISS-MODEL

Search ExPASy Contact us Swiss-Prot

L B

| ExPASy - Compute pl/Mw - Microsoft Internet Explorer
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Compute pI/Mw

ser-provided sequence:

1 11 Z1 31 41 51
| | | | | |
1 MASFSALAVAQ FSRWVSPSHTS LHSHSHGTLF QSQCRPFFLS RTSHSLRKGL TLPRGREAPS &0

61 TSVRASFTDV SPNVSLEEKQ LPEGETWSVH KFGGTCVGTS QRIENVADIT LEDDSERKELV 120
121 WVSAMSEVTD MMYDLIHEAQ SRDESYTAAL WAVLEKHSAT AHDILDGDNL ATFLSKELHHD 150
181 ISNLEAMLRA IYTAGHATES FTDFWVGHGE LWSAQMLSLW IREKMGTDCEW MDTRDWLIVN 240
241 PTGSNOWDPD YLESEQRLEK WYSLNPCEWI TATGFIASTP QWIPTTLERD GIEDFSALTMG 300
301 ALFEARQUTI WTDWDGUVYSA DPREVSEAVI LETLSYQEAW EM3YFGANVL HPRTIIPVHMR 360
361 YGIPIMIRNI FNLSAPGTKI CHPSVNDHED SQMNLCNFVEG FATIDMLALY NVEGTGMAGY 420
421 PGTASAIFGA VEDVGANVIM ISQASSEHSV CFAVPEKEVE AVAEALQSRF RQALDNGRLS 450
481 QUVAVIPNCSI LAAVGQEMAS TPGVIASLFMN ALAKANINVR ATAQGCSEYM ITVVVEREDC 540
541 IKALRAVHSR FYLSRTTIAM GIIGPGLIGS TLLEQLRDQA STLEEEFMID LRVMGILGSE 600
601 SMLLSDWGID LARWRELREE RGEVANMEKF VQHVHGHWHFI PHTALVDCTA DSVIAGYYYD 660
661 WLRKGIHVWT PNEKKANSGPL DQYLELRALQ RQSYTHYFYE ATWGAGLPIV STLRGLLETG 720
721 DEILQIEGIF SGTLSYIFMN FEDGRAFSEV VSEAKEAGYT EPDPRDDLSG TDVARKVIIL a0
781 ARESGLELEL SNIPVESPVFP EPLRACASAQ EFMQELPEFD QEFTEEQEDA ENAGEVLRYV 840
841 GUVDVTNEEG VVELRRYEKD HPFAQL3GSD NITAFTTRRY KDQPLIVRGP GAGACQVTAGG S00
901 IF3DILRLAS YLGAPS

JTolecular weight: 100394 54

[heoretical pI: 7.63

o B e




Pair-wise alignment of protein
sequences

Why do Pairwise alignment
searches?

m Are there other genes in database similar to yours?

m Have these other genes been well studied?

¢ Leads to literature searches on these genes
m What is the function of these genes?
m [dentify conserved motifs

+ Are they important to structure or function?
m Phylogenetic trees

+ Relatedness and evolution




Protein Sequence Comparisons

m Similarity searches
+ One sequence against another

+ Comparison of individual sequences against
database of individual sequences

+ BLAST
m Profile searches
+ Uses collective characteristics of protein family
¢+ Conserved domains, motifs, etc.
+ Search can be one sequence against many
# ProfileScan, CDD, PSI-BLAST

Search with Protein, not DNA
Sequences

1) 4 DNA bases vs. 20 amino acids - less chance similarity

2) can have varying degrees of similarity between different
amino acids according to properties

3) Calculations based on similarity matrix scores

- BLOSUM — multiple sequence alignment pf related
proteins; conserved regions; weighted set
representations

- PAM matrix - Evolutionary tree; Number of
mutations; Which residues conserved; Chemical
similarity

4) protein databanks are much smaller than DNA databanks




Similarity # Homology

1) 25% similarity > 100 AAs is strong
evidence for homology

2) Homology is an evolutionary statement
which means “descent from a common
ancestor’”

¢ common 3D structure
¢ usually common function

+ homology is all or nothing, you cannot
say "50% homologous"

Pairwise Alignment

m The alignment of two sequences (DNA or
protein) is a relatively straightforward
computational problem.

¢ There are lots of possible alignments.
m Two sequences can always be aligned.
m Sequence alignments have to be scored.

m Often there is more than one solution with
the same score.




Methods of Alignment

m By hand - slide sequences on two lines of a word
processor

m Dot plot
+ with windows
m Rigorous mathematical approach
¢ Dynamic programming (slow, optimal)
m Heuristic methods (fast, approximate)
¢ BLAST and FASTA
+ Word matching and hash tables

DNA Scoring Systems
-very simple
-match or no match

Sequence 1 actaccagttcatttgatacttctcaaa
| 1 | I
Sequence 2 taccattaccgtgttaactgaaaggacttaaagact

Match: 1
Mismatch: 0
Score =5




Protein scoring

= 20 amino acids
m Gap penalty
m Relationships among amino acids

+ Scoring matrix for amino acid
substitutions

Similarity 1s Based on Dot Plots

1) one sequence is designated the x-axis and
the other is designated the y-axis

2) put dots wherever there is a match

3) diagonal line is region of similarity
(local alignment)

4) apply a window filter - look at a group of
bases, must meet % identity to get a dot




Dot Matrix method

* One sequence 1s designated the x-axis and the
other 1s designated the y-axis

* A dot is created when the sequence elements
corresponding to the x and y coordinates
“match”.

 Diagonal lines within these plots indicate
regions of similarity.

Simple Dot Matrix




Characteristics of Dot Matrix

m All possible matches of residues between two

sequences are found

m Reveal the presence of insertions/deletions and

direct and inverted repeats
m Dot matrix is visible on the computer screen

m [Limitation is that most dot matrix computer

programs do not show an actual alignment.

Simple Dot Plot

GATCAACTGACGTA

O 100000 >»0 140
[ ]
[ ]
°




Dot plot filtered with 4 base
window and 75% 1dentity

GATCAACTGACGTA

O 10060 1060>»0 140
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3) after all diagonals found, tries to join
diagonals by adding gaps

4) computes alignments in regions of
best diagonals

(d)

Sequenca B —i~ —— Sequence B —-

-4— Sequence A ——
=— Ffaguencea A

N\

Join segrents using gaps, Use dynamic programmming to
gliminate other segments create an optimal alignment




Dot plot of real data

Window Size = 8 Scoring Matrix:  pam250 matrix
Min. % Score = 30
Hash Value= 2

F¥Y¥FBA
/

//

20 40 60 80 100 120 140 160 180 200 220

CVJB

Amino acid scoring matrix




Protein Alignment Scoring
Matrix Is Complex

m Conservation: What residues can substitute for
another residue and not adversely affect the
function of the protein?

# Isoleucine and valine are both small and
hydrophobic

+ Serine and threonine are both polar
+ Conserve charge, size, hydrophobicity, and
other physicochemical factors
m Frequency:
+ How often does a particular residue occur

+ How ofter does it change? And to what other
amino acid?

Protein Scoring Systems

* Amino acids have different biochemical and physical properties
that influence their relative replaceability in evolution.
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Scoring Matrix

m [mportant to understand scoring matrices

+ Play a role in all analyses involving
sequence comparison

+ Assumptions are made

+ Which assumptions agree with what you
want?

¢ Choice of matrix (thus software) can
strongly influence outcome

PAM (Percent Accepted Mutations) matrices

* Derived from global alignments of protein families . Family members
share at least 85% identity (Dayhoff et al., 1978).

=)

tion of phylogenetic tree and ancestral sequences of
each protein family

» Computation of number of replacements for each pair of amino acids
*The number following the matirx, PAM30 or PAM100 refer to

eevolutionary distance; the greater the number, the greater the
distance.
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acid positions, ie. roughly 1% divergence. PAM matrices for larger
evolutionary distances can be extrapolated from the PAM-1 matrix.

PAM-1 matrix.
*High similarity within original sequence set, represents substitution

» The PAM-1 matrix reflects an average change of 1% of all amino
pattern expected over short evolutionary distance

» Greater numbers mean bigger evolutionary distance
*Analysis documented 1572 changes in 71 groups of protein

* The numbers of

* PAM250




PAM Matrices

m Short evolutionary distance
+ Change in function unlikely
m Point Accepted Mutation (PAM)

¢ The new side chain must function the same way
as old one (“acceptance”)

¢ On average, | PAM corresponds to 1 amino
acid change per 100 residues
¢ 1 PAM ~1% divergence

+ Extrapolates to predict patterns at longer
evolutionary distances

PAM Matrices: Assumptions

m All sites assumed to be equally mutable

m Replacement of amino acids is independent
of previous mutations at the same position

m Replacement is independent of surrounding
residues

m Forces responsible for sequence evolution
over shorter time spans are the same as
those over longer time spans




PAM Matrices: Sources of Error

m Small, globular proteins of average
composition was used to derive matrices

m Errors in PAM 1 are magnified up to PAM
250 (only PAMI i1s based on direct
observation)

m Does not account for conserved blocks or
motifs

BLOSUM Matrices

m Henikoff and Henikoff, 1992
m Blocks Substitution Matrix
+ Look only for differences in conserved,
ungapped regions of a protein family (“blocks™)
+ Directly calculated, uses no extrapolations

+ More sensitive to detecting structural or
functional substitutions

¢ Generally perform better than PAM matrices
for local similarity searches




BLOSUM (Blocks Substitution Matrix)

* Derived from alignments of domains of distantly related
proteins (Henikoff & Henikoff,1992).

= — =

* Occurrences of each amino acid pair
in each column of each block alignment
is counted.

* The numbers derived from all blocks were
used to compute the BLOSUM matrices.

A= NN DM

BLOSUM (Blocks Substitution Matrix)

» Sequences within blocks are clustered according to their level of identity.

» Clusters are counted as a single sequence.

+ Different BLOSUM matrices differ in the percentage of sequence identity
used in clustering.

* The number in the matrix name (e.g. 62 in BLOSUM®62) refers to the
percentage of sequence identity used to build the matrix.

 Greater numbers mean smaller evolutionary distance.




TIPS on choosing a scoring matrix

» Generally, BLOSUM matrices perform better than PAM matrices
for local similarity searches (Henikoff & Henikoff, 1993).

* When comparing closely related proteins one should use lower
PAM or higher BLOSUM matrices, for distantly related proteins
higher PAM or lower BLOSUM matrices.

* For database searching the commonly used matrix is BLOSUMG62.

Can change sensitivity

Triple-PAM Strategy

PAM 40 Short alignments, highy similar 70-90%

PAM 160 Detecting known members of 50-60%
protein family

PAM 250 Longer, weaker local alignments ~30%

BLOSUM

BLOSUM 80 Detecting known members of 50-60%
protein family

BLOSUM 62 Most effective in finding all 30-40%
potential similarities

BLOSUM 30 Longer, weaker local alignments <3 0%




No single matrix is
the complete answer for
all sequence comparisons

Gap penalties




Scoring Insertions and Deletions

The creation of a gap is penalized with a negative score value.

Gaps

m Compensate for insertions and deletions

m Used to improve alignments between two
sequence

m Must be kept to a reasonable number (~1
gap per 20 residues 1s good)

m Cannot be scored as simply a “match” or a
“mismatch”




Gap penalty 1s assigned

m Fixed deduction for introducing a gap

m An additional deduction proportional to the length
of the gap

m Deduction for a gap= G + Ln
+ Where G = gap-opening penalty
L = gap-extension penalty
N = length of the gap

m Can adjust gap scores to make gap insertions
more or less permissive by changing G and L
default values

Why Gap Penalties?

Gaps not permitted Score:

1 GTGATAGACACAGACCGGTGGCATTGTGG 29

Il I I I N
1 GTGTCGGGAAGAGATAACTCCGATGGTTG 29

Gaps allowed but not penalized Score: 88

1 GTG.ATAG.ACACAGA. .CCGGT. .GGCATTGTGG 29

N1 T 1 I A I B
1 GTGTAT.GGA.AGAGATACC..TCCG. .ATGGTTG 29




Why Gap Penalties?

- The optimal alignment of two similar sequences is usually
that which

* maximizes the number of matches and
* minimizes the number of gaps.
*There is a tradeoff between these two

- adding gaps reduces mismatches

» Permitting the insertion of arbitrarily many gaps can lead
to high scoring alignments of non-homologous
sequences.

* Penalizing gaps forces alignments to have relatively few
gaps.

Gap Penalties

*How to balance gaps with mismatches?

*Gaps must get a steep penalty, or else you’ll end up
with nonsense alignments.

*In real sequences, muti-base (or amino acid) gaps are

quit common
genetic insertion/deletion events

«““Affine” gap penalties give a big penalty for each
new gap, but a much smaller “gap extension” penalty.




Modification of Gap Penalties

Score Matrix: BLOSUM62

gap opening penalty 1 ...VLSPADKFLTNV
gap extension penalty 0.1 1111

score 6.3 1 VFTELSPAKTV. ...

gap opening penalty 1 V...LSPADKFLTNV 12
gap extension penalty . | 1L | ]

score : 1 VFTELSPA.K..T.V 11

Scoring Insertions and Deletions

match = 1
mismatch = 0

Total Score: 4

Total Score: 8-3.2=48

Gap parameters:

d=3 (gap opening)
e = 0.1 (gap extension)
g=3 (gap lenght)

Y(9) =-3-(3-1)0.1=-3.2

insertion / deletioh




Global vs Local similarity

1) Global similarity uses complete aligned sequences
- total % matches

¢ GAP program, Needleman & Wunch algorithm

2) Local similarity looks for best internal matching
region between 2 sequences

o BESTFIT program,
+ Smith-Waterman algorithm,
+ BLAST and FASTA
3) dynamic programming
+ optimal computer solution, not approximate

Global Alignment
(Needleman -Wunsch)

m The the Needleman-Wunsch algorithm creates a
global alignment over the length of both sequences
(needle)

m Global algorithms are often not effective for highly
diverged sequences - do not reflect the biological
reality that two sequences may only share limited
regions of conserved sequence.

+ Sometimes two sequences may be derived from
ancient recombination events where only a single
functional domain is shared.

m Global methods are useful when you want to force
two sequences to align over their entire length




Local Alignment
(Smith-Waterman)

m [ocal alignment

+ [dentify the most similar sub-region shared
between two sequences

+ Smith-Waterman

Scoring Similarity

1) Can only score aligned sequences
2) DNA is usually scored as identical or not
3) Amino acids have varying degrees of similarity
+ a. # of mutations to convert one to another
+ b. chemical similarity
# c. observed mutation frequencies
4) Modified scoring for gaps - single vs. multiple base
gaps (gap extension)
5) PAM matrix calculated from observed mutations in
protein families

6) BLOSUM matrix calculated from changes in
conserved blocks of amino acid sequenc




BLAST Algorithm

{1) Forthe query, find the list of high scoring words of length w

Gery Sequence of length L

Mazirnum of Law+ 1 weords (bypically w = 3 for proteins)

Far each word from the query sequence
find the list of seords that sl score ab least
T when scored using a pair-score makrix
(.. P4k 250).

Database
Sequences

Exact matches of words
fromm word list

Extend hits one base at a time

{3) For eachword match, extend the alignrent in both directions to find
alignrnents that score greater than a threshold of value 5

Maximal Segment Pairs M5Ps)

Aguee o Baitor, & Frofels Segeance Algomend g Dalsbese Soarmlig
Lt o Ciford Ladonlan of Watec sy Siapleis’




HSPs are Aligned Regions

m The results of the word matching and
attempts to extend the alignment are
segments

- called HSPs (High-scoring Segment
Pairs)

m BLLAST often produces several short HSPs

rather than a single aligned region

BLAST 2 algorithm

m The NCBI’s BLAST website now uses
BLAST 2 (also known as “gapped BLAST”)

m This algorithm is more complex than the
original BLAST

m [t requires two word matches close to each
other on a pair of sequences (i.e. with a gap)
before it creates an alignment




Web BLAST runs on a big
computer at NCBI

m Usually fast, but does get busy sometimes

m Fixed choices of databases

¢ problems with genome data “clogging” the
system

+ ESTs are not part of the default “NR”
dataset

m Graphical summary of output

m [inks to GenBank sequences

Alignment methods

m Rigorous algorithms = Dynamic Programming
¢ Needleman-Wunsch (global)
o Smith-Waterman (local)

m Heuristic algorithms
(faster but approximate)

+BLAST
+FASTA




What we covered today

= DNA translation
* Protein analysis

m Similarity searches




